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EJECTOR AND FUEL CELL SYSTEM THEREWITH 



BACKGROUND 



The present invention relates to a variable flow rate type ejector and a fuel 



5 cell system therewith. 

In a known conventional example of this type of ejector, as shown in Fig. 6, a 
needle 48 having a tip end portion 48a which faces a nozzle 46 is moved axially to 
vary an opening area Y, which is referred to as the opening area of the nozzle 
hereafter, of a gap between the needle 48 and nozzle 46, whereby the flow 
10 rate .which is also referred to as the ejection flow rate hereafter, of a fluid ejected 
through the nozzle 46 is adjusted (see Japanese Patent Laid-open Publication No. 
2002-22779 (page 5 and Fig. 2), for example). The ejection flow rate is determined 
according to the opening area Y of the nozzle 46, and in this case, the shape of the 
tip end portion 48a of the needle 48, which defines the opening area Y of the nozzle 
15 46, is linear (slanted) at a tapered part thereof. 

In this conventional ejector, the tapered part of the needle is linear, and 
therefore the opening area of the nozzle relative to the amount of movement of the 
needle varies in the form of a quadratic curve. Hence, as shown by a curve L2 in 
Fig. 5, the ejection flow rate also varies relative to the amount of movement of the 
20 needle in the form of a quadratic curve, making it difficult to control the ejection flow 
rate on the basis of the amount of movement of the needle. Particularly when the 
needle is moved by a simple mechanism having a predetermined constant of 
proportionality, such as a spring, it is extremely difficult to control the ejection flow 
rate unless the rate of change in the opening area of the nozzle corresponding to th 
25 movement of the needle is constant. 
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SUMMARY 

An object of the present invention is to provide an ejector which is capable of 
linearly controlling an ejection flow rate relative to the amount of movement of a 
needle, thereby enhancing the overall applicability of the ejector, and also to provide 
a fuel cell system with the ejector. 

To achieve the object, an ejector of the present invention comprises a nozzle 
for ejecting a fluid, a needle disposed coaxial with the nozzle and having a tip end 
portion which faces the nozzle, and needle moving means for causing the needle to 
advance and retreat axially. The shape of the tip end portion of the needle is set 
such that an opening area of a gap between the tip end portion of the needle and the 
nozzle and the amount of movement produced by the needle moving means satisfy a 
proportional relationship. 

According to this constitution, the ejection flow rate can be controlled linearly 
relative to the amount of movement of the needle simply by setting the shape of the 
tip end portion of the needle in the manner described above. Hence, controllability 
of the ejection flow rate based on the amount of movement of the needle can be 
enhanced, and as a result, the needle moving means can be constituted by a simple 
mechanism having a predetermined constant of proportionality, such as a spring, for 
example. 

In this case, the tip end portion of the needle preferably has a conical shape. 
Alternatively, the tip end portion of the needle preferably has a quadratic surface 
shape. 

Alternatively, when an opening area of the nozzle in a state where the needle 
is not positioned in the position of the nozzle is set as A, a radius of the tip end 
portion of the needle in the position of the nozzle is set as X, an amount of movement 



2 



T0463 SPIOVWTAN 



produced by the needle moving means in a retreating direction from the nozzle is set 
as Z, and K is a constant, the tip end portion of the needle is preferably shaped such 
that the following equation is established. 
X 2 = (A-KZ)/7t 

5 Another ejector of the present invention comprises a nozzle for ejecting a 

fluid, a needle disposed coaxial with the nozzle and having a paraboloidal tip end 
portion which faces the nozzle, and needle moving means for causing the needle to 
advance and retreat axially. 

According to this constitution, the ejection flow rate is controlled substantially 
10 linearly relative to the amount of movement of the needle, and hence similar actions 
and effects to those of the present invention described above can be achieved. 

More specifically, using the tip end (apex) of the needle as a reference 
(origin), when the axial length is set as Z and the length orthogonal to the axial 
direction (radius) is set as X, the tip end portion is a paraboloid, and therefore the 
15 following equation is established. 

X 2 = CZ (where C is a constant) 

Assuming that the needle advances relative to the nozzle by the length Z, 
and that the opening area of the nozzle is A, the opening area Y of the gap between 
the nozzle and needle is expressed as follows: 
20 Y = A-7iX 2 = A-CZrc. 

Hence, taking Z as the amount of movement of the needle, the opening area 
of the nozzle and the amount of movement of the needle are defined by a 
proportional relationship. As a result of the above, the applicability and freedom of 
the structure of the needle moving means can be enhanced. 

25 Preferably, the needle moving means comprises a piston which is connected 
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to a base end portion of the needle and includes a front surface and a rear surface to 
which a fluid is led, and a biasing member for biasing the rear surface of the piston 
toward the tip end portion of the needle. The needle preferably advances and 
retreats on the basis of the balance between the differential fluid pressure on the 
5 piston and the biasing force of the biasing member. 

According to this constitution, when the pressure on the front surface of the 
piston is greater than the fluid pressure on the rear surface of the piston and the 
biasing force of the biasing member, the needle retreats axially such that the opening 
area of the nozzle increases, and hence the ejection flow rate increases. On the 
10 other hand, when the pressure on the front surface of the piston is smaller than the 
fluid pressure on the rear surface of the piston and the biasing force of the biasing 
member, the needle advances axially such that the opening area decreases, and 
thus the ejection flow rate decreases. 

Thus, the needle can be moved appropriately via the piston using the 
15 differential fluid pressure effectively in this manner. Further, as the amount of 

movement of the needle and the ejection flow rate can be controlled proportionately 
as described above, the needle moving means can be constituted by a 
simply-structured biasing member such as a spring, eliminating the need for various 
actuators. Note that the fluid which is led to the piston may be identical to the fluid 
20 that is ejected through the nozzle or different. However, the fluid which is led to the 
rear surface of the piston is preferably the fluid that is ejected through the nozzle. 
The fluid ejected through the nozzle may be the fluid which passes through a diffuser 
on the downstream of the nozzle in the ejection direction, or the fluid that is aspirated 
into the diffuser upon ejection through the nozzle. 

25 A fuel cell system of the present invention comprises the ejector of the 
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present invention described above. The ejector is incorporated into piping of the fuel 
cell system, and combines a new fluid supplied to a fuel cell with a fluid discharged 
from the fuel cell and supplies the resulting mixture to the fuel cell. 

According to this constitution, as a variable flow rate type ejector having good 
5 controllability is provided, an appropriate amount of fluid can be supplied favorably in 
accordance with the load on the fuel cell. Here, hydrogen gas or oxygen gas is 
assumed to be the fluid that is supplied to the fuel cell, and therefore a hydrogen gas 
supply system or an oxygen gas supply system is assumed to constitute the piping 
into which the ejector is incorporated. Further, a fuel cell vehicle serves as a 
10 representative of a device in which the fuel cell system is installed. 

According to the ejector of the present invention and the fuel cell system 
therewith, the flow rate of the fluid ejected through the nozzle can be controlled 
linearly relative to the amount of movement of the needle by forming the needle in a 
predetermined shape. Hence, the structure of the needle moving means can be 
15 simplified, and an overall increase in applicability can be achieved. 

DESCRIPTION OF DRAWINGS 
Fig. 1 is a block diagram showing the constitution of a fuel cell system 
according to an embodiment; 

Fig. 2 is a pattern diagram showing an ejector according to this embodiment; 
20 Figs. 3A and 3B are an illustrative view illustrating the shape of a needle of 

the ejector according to this embodiment; 

Figs. 4A and 4B are an illustrative view illustrating the shape of the needle of 
the ejector according to this embodiment; 

Fig. 5 is a view showing the relationship between the amount of movement of 

25 the needle and the ejection flow rate of a fluid ejected through a nozzle in this 
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embodiment and a conventional example; and 

Fig. 6 is a pattern diagram showing the main parts of a conventional ejector. 

DETAILED DESCRIPTION 
An ejector and a fuel cell system with the ejector according to a preferred 
5 embodiment of the present invention will now be described with reference to the 
attached drawings. The ejector includes a needle tip end portion set in a 
predetermined shape such that the flow rate of a fluid ejected through a nozzle can 
be varied linearly relative to the amount of movement of the needle. Below, an 
example in which the ejector is incorporated into the piping of a hydrogen gas supply 
10 system of the fuel cell system will be described. 

As shown in Fig. 1 , a fuel cell system 1 comprises a solid polymer electrolyte 
fuel cell 2 which generates electric power upon reception of a supply of oxygen gas 
(air) and hydrogen gas. The fuel cell 2 is constituted in a stack structure comprising 
a large number of laminated cells. The fuel cell system 1 includes an oxygen gas 
15 supply system 3 for supplying the fuel cell 2 with oxygen gas, and a hydrogen gas 
supply system 4 for supplying the fuel cell 2 with hydrogen gas. 

The oxygen gas supply system 3 includes a supply passage 12 for supplying 
the fuel cell 2 with oxygen gas that has been humidified by a humidifier 11 , a 
circulation passage 13 for leading oxygen off-gas discharged from the fuel cell 2 to 
20 the humidifier 11 , and a discharge passage 14 for leading the oxygen off-gas from 
the humidifier 1 1 to a combustor. The supply passage 1 2 is provided with a 
compressor 15 which takes in oxygen gas from the atmosphere and pumps the 
oxygen gas to the humidifier 11 . 

The hydrogen gas supply system 4 includes a hydrogen tank 21 which 

25 serves as a hydrogen supply source storing high-pressure hydrogen gas, a supply 
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passage 22 for supplying the fuel cell 2 with the hydrogen gas in the hydrogen tank 

21 , a circulation passage 23 for returning hydrogen off-gas discharged from the fuel 

cell 2 to the supply passage 22, and an ejector 24 for circulating the hydrogen off-gas 

in the circulation passage 23 to the supply passage 22. New hydrogen gas from the 

5 hydrogen tank 21 is combined with the hydrogen off-gas by the ejector 24, and the 

combined mixed gas is supplied to the fuel cell 2. 

The supply passage 22 is constituted by a main flow passage 22a positioned 

on the upstream side of the ejector 24, which serves as a passage for leading new 

hydrogen gas to the ejector 24, and a mixture passage 22b positioned on the 

10 downstream side of the ejector 24, which serves as a passage for leading the mixed 

gas to the fuel cell 2. A shut valve 26 for opening and closing the main flow passage 

22a and a regulator valve 27 for adjusting the pressure of the hydrogen gas are 

interposed on the main flow passage 22a in sequence from the upstream side. A 

check valve 28 is interposed on the circulation passage 23 on the downstream side 

15 of a humidifier 25, and a discharge passage 29 bifurcates from the circulation 

passage 23. The hydrogen off-gas in the circulation passage 23 is aspirated into 

the ejector 24 through the check valve 28. 

The ejector 24 is structured to be capable of varying the flow rate of the 

hydrogen gas (mixed gas) supplied to the fuel cell 2. As shown in Fig. 2, the ejector 

20 24 includes a casing 41 constituting an outer shell thereof. The casing 41 is formed 

with a primary side supply port 42 connected to the downstream side of the main flow 

passage 22a, a secondary side discharge port 43 connected to the upstream side of 

the mixture passage 22b, and a tertiary side (negative pressure acting side) suction 

port 44 connected to the downstream side of the circulation passage 23. 

25 The interior of the casing 41 is formed with a nozzle 46 for ejecting new 
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hydrogen gas toward the downstream side, a diffuser 47 provided on the downstream 
side of the nozzle 46 for combining hydrogen off-gas with the new hydrogen gas that 
has passed through the nozzle 46, a needle 48 disposed coaxial with the nozzle 46 
such that a tip end portion 48a thereof faces the nozzle 46, and needle moving 

5 means 49 for causing the needle 48 to advance and retreat axially. 

The nozzle 46 is a so-called divergent nozzle constituted by an outlet 
opening portion 51 which widens toward a tip end side, a throat portion 52 having a 
minimum cross section which is linked to the outlet opening portion 51 , and an inlet 
opening portion 53 which is linked to the throat portion 52 and widens toward a base 

10 end side. The outlet opening portion 51 of the nozzle 46 opens onto the diffuser 47 
side, and the inlet opening portion 53 opens into a fluid chamber 56 within the casing 
41 which is communicated with the supply port 42. 

The diffuser 47 is formed coaxial with the nozzle 46, and an upstream side 
thereof between the outlet opening portion 51 of the nozzle 46 is communicated with 

15 the suction port 44. When new hydrogen gas is ejected through the nozzle 46 
toward the diffuser 47, a negative pressure for aspirating the hydrogen off-gas is 
generated, and thus the hydrogen off-gas in the circulation passage 23 is aspirated 
into the diffuser 47 through the suction port 44. As a result, the new hydrogen gas 
and the hydrogen off-gas are combined and mixed in the diffuser 47, and this mixed 

20 gas is discharged to the mixture passage 22b from the diffuser 47 via the discharge 
port 43. 

The needle 48 is constituted by a conical or pyramidal body, but in this 

embodiment is constituted by a conical body. The needle 48 is constituted by the tip 

end portion 48a which tapers in the hydrogen gas flow direction, and a main body 

25 shaft portion 48b which is linked integrally to the tip end portion 48a and connected to 
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the needle moving means 49 at a base portion side thereof. 

The tip end portion 48a of the needle 48 is inserted into the nozzle 46 from 
the inlet opening portion side 53. The opening area (to be referred to as an opening 
area Y of the nozzle 46 hereafter) of the gap between the tip end portion 48a and 
5 throat portion 52 can be varied by advancing and retreating the needle 48 using the 
needle moving means 49. By making the opening area Y of the nozzle 46 variable, 
the flow rate of the new hydrogen gas that is ejected through the nozzle 46 can be 
varied. 

In this embodiment, the shape of the tip end portion 48a of the needle 48 is 
10 set such that the opening area Y of the nozzle 46 is proportionate to the amount (Z)of 
movement of the needle 48 produced by the needle moving means 49. This will 
now be described specifically with reference to Figs. 3A and 3B. 

A state in which the needle 48 advances such that the throat portion 52 of the 
nozzle 46 is closed by the tip end portion 48a, as shown in Fig. 3A, is set as a default, 
15 and a state in which the needle 48 is retreated from the throat portion 52 by the 

amount Z of movement from the default state, as shown in Fig. 3B, will be considered. 
The opening area Y of the nozzle 46 is set to be proportionate to the amount Z of 
movement, and hence a relational expression of 

Y= KZ Equation (1) 

20 is satisfied. Here, the value of a constant of proportionality K is set in 

consideration of a spring 62 of the needle moving means 49, to be described below. 

Further, assuming that the diameter of the throat portion 52 is D, and the 
radius of the tip end portion 48a of the needle 48 positioned directly below the throat 
portion 52 is X, the opening area Y of the nozzle 46 can be expressed as follows. 

25 Y = n {(D/2) 2 - X 2 } Equation (2) 
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From Equation (1 ) and Equation (2), the following Equation (3) can be 
obtained. 

X 2 = {(D/2) 2 - KZ/tt} Equation (3) 

Note that if the opening area in a state where the tip end portion 48a of the 
5 needle 48 is not positioned directly below the throat portion 52 is set as A, then 
naturally the following equation is obtained. 
A=7t(D/2) 2 

Hence in this embodiment, the shape of the tip end portion 48a of the needle 
48 is set such that Equation (3) is established in relation to the radius X. Essentially, 
10 this means that the tip end portion 48a of the needle 48 has the shape of a 

paraboloid, which is a quadratic surface. This will now be described specifically with 
reference to Figs. 4A and 4B. 

As shown in Fig. 4A, a state in which the needle 48 retreats such that the 
apex of the tip end portion 48a is positioned directly below the throat portion 52 will 
15 be considered as a default. In this state, (X, Z) = (0, 0). As the tip end portion 48a 
is a paraboloid, when the needle 48 advances from the default state toward the throat 
portion 52 by the amount Z of movement, as shown in Fig. 4B, 
X 2 = CZ Equation (4) 

is satisfied. Here, C is a constant. From Equation (2) and Equation (4), the 

20 opening area Y of the nozzle 46 can be expressed as follows. 

Y = 7i {(D/2) 2 - CZ} Equation (5) 

Equation (5) signifies that the opening area Y of the nozzle 46 has a 

proportional relationship with the amount Z of movement of the needle 48. In other 

words, by forming the tip end portion 48a of the needle 48 as a paraboloid, the 

25 opening area Y of the nozzle 46 can be set to be proportionate to the amount Z of 
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movement of the needle 48. 

Fig. 5 shows the relationship between the amount Z of movement of the 
needle 48 and the flow rate (to be referred to as the ejection flow rate hereafter) of 
the new hydrogen gas that is ejected through the nozzle 46 in this embodiment and a 

5 conventional example. Note that the state shown in Figs. 3A and 3B is used as a 
reference for the amount Z of movement. As shown by a straight line L1 in the 
drawing, in this embodiment the tip end portion 48a of the needle 48 is set in the 
shape described above, and hence the rate of change in the ejection flow rate 
relative to the amount of movement of the needle 48 is constant. Accordingly, the 

10 spring 62 having a predetermined spring constant can be used favorably in the 
constitution of the needle moving means 49. 

As shown in Fig. 2, the needle moving means 49 includes a piston 61 
connected to the base end portion of the needle 48, and a spring (biasing member) 
62 having a predetermined spring constant, which is disposed on a rear surface 61b 

15 of the piston 61 . The piston 61 and spring 62 are disposed coaxial with the nozzle 
46 and needle 48. The spring 62 is interposed between the rear surface 61b of the 
piston 61 and the interior of the casing 41 , and biases the rear surface 61b of the 
piston 61 toward the tip end portion 48a of the needle 48. 

The piston 61 is supported by its outer periphery on the interior of the casing 

20 41 , and is constituted to be capable of sliding axially. A front surface 61 a of the 

piston 61 faces the fluid chamber 56. The main body shaft portion 48b of the needle 

48 is connected to a central portion of the front surface 61a of the piston 61 , and new 

hydrogen gas from the main flow passage 22a is led through the supply port 42 to the 

remaining portion of the front surface 61a of the piston 61. 

25 The spring 62 is connected to a central portion of the rear surface 61 b of the 
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piston 61 , and hydrogen off-gas from the circulation passage 23 is led through a 
pressure inlet 70 formed in the casing 41 to the remaining portion of the rear surface 
61b of the piston 61 . More specifically, a branch passage 71 having a smaller 
passage sectional area than the circulation passage 23 bifurcates from the circulation 

5 passage 23, and the branch passage 71 is communicated with a pressure chamber 
72, which is defined by the rear surface 61 b of the piston 61 and the interior of the 
casing 41 , via the pressure inlet 70. 

Hence, the pressure of the new hydrogen gas in the main flow passage 22a 
acts on the front surface 61 a of the piston 61 , while the pressure of the hydrogen 

10 off-gas in the branch passage 71 and the biasing force of the spring 62 act on the 
rear surface 61 b of the piston 61 . By means of this structure, the needle 48 
advances and retreats axially on the basis of the balance between the differential 
hydrogen gas pressure on the piston 61 and the biasing force of the spring 62. 
Note that the final advancement and retreat positions of needle 48 are 

15 regulated to predetermined positions, and when the needle 48 advances to a 

maximum extent, the outer peripheral surface of the tip end portion 48a of the needle 
48 abuts against the nozzle 46, as shown in Fig. 3A. In this state, the throat portion 
52 is closed. When the needle 48 retreats to a maximum extent, the rear surface 
61b of the piston 61 abuts against a stopper, not shown in the drawing, provided in 

20 the pressure chamber 72, and thus the final position of the retreating needle 48 is 
regulated. When the needle 48 has retreated to the final position, its tip end portion 
48a may be withdrawn entirely from the throat portion 52, or a part of the tip end 
portion 48a may be positioned in the throat portion 52. 

Here, the relationship between the action of the needle moving means 49 

25 and the load on the fuel cell 2 will be described briefly. When the amount of the 
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power generation of the fuel cell 2 increases such that the amount of hydrogen gas 
consumed by the fuel cell 2 increases, pressure loss in the fuel cell 2 rises such that 
the pressure of the hydrogen off-gas in the circulation passage 23 falls. At this time, 
the pressure in the pressure chamber 72 falls via the branch passage 71 , and hence 

5 the balance between the pressure in the pressure chamber 72, the pressure in the 
fluid chamber 56, and the biasing force of the spring 62 changes. 

As a result, the piston 61 and the needle 48 connected thereto retreat from a 
state of equilibrium against the spring 62 on the basis of the balance between the 
differential hydrogen gas pressure on the piston 61 and the biasing force of the 

10 spring 62. Accordingly, the opening area of the nozzle 46 increases, and the flow 
rate of the new hydrogen gas passing through the nozzle 46 rises. 

On the other hand, when the amount of the power generation of the fuel cell 
2 decreases such that the amount of hydrogen gas consumed by the fuel cell 2 
decreases, the pressure of the hydrogen off-gas in the circulation passage 23 rises, 

15 in contrast to the case described above. At this time, the pressure in the pressure 
chamber 72 rises via the branch passage 71 , and hence the balance between the 
pressure in the pressure chamber 72, the pressure in the fluid chamber 56, and the 
biasing force of the spring 62 changes. 

As a result, the piston 61 and the needle 48 connected thereto advance from 

20 a state of equilibrium against the spring 62 on the basis of the balance between the 

differential hydrogen gas pressure on the piston 61 and the biasing force of the 

spring 62. Accordingly, the opening area of the nozzle 46 decreases, and the flow 

rate of the new hydrogen gas passing through the nozzle 46 falls. 

Hence, according to the fuel cell system 1 of this embodiment, flow rate 

25 control can be performed independently by the ejector 24 on the basis of the 
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differential pressure of the hydrogen gas supply system 4, and an appropriate 
amount of hydrogen gas can be supplied appropriately in accordance with the load 
on the fuel cell 2. Furthermore, by setting the shape of the tip end portion 48a of the 
needle 48 in the ejector 24 as described above, the simple mechanism described 
5 above can be used as the needle moving means 49, and flow rate control can be 
performed easily without the use of a special actuator. 

Needless to say, the structure of the needle moving means 49 is not limited 
to a spring and so on, as in this embodiment, and various actuators such as an 
electromagnetic actuator, for example, may be applied. In this case, flow rate 
10 control can be performed by the ejector 24 through simple control of the actuator. 
More specifically, by setting the tip end portion 48a of the needle 48 in the 
predetermined shape described above, the need to set the amount of movement of 
the needle 48 appropriately in each flow rate region of the ejection flow rate is 
eliminated. Hence, the actuator can be controlled simply by increasing or decreasing 
15 the voltage applied thereto, for example. Moreover, the actuator itself need not be 
of a high resolution. 

Note that in this embodiment, hydrogen off-gas is led to the pressure 
chamber 72, but a gas having a different pressure to the pressure of the hydrogen 
gas existing in the fluid chamber 56 may be led to the pressure chamber 72, as may 
20 a mixed gas. When the fluid led to the pressure chamber 72 is the fluid ejected 
through the nozzle 46, this fluid may be the fluid, which is mixed gas, that passes 
through the diffuser 47 or the fluid, which is circulated gas or hydrogen off-gas, that is 
aspirated into the diffuser 47. 

Further, the regulator valve 27 described above may be a pilot type regulator 

25 valve, for example, whereby the mixed gas is led to the regulator valve 27 as a pilot 
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pressure and the new hydrogen gas supplied to the ejector 24 is pressure-regulated 
appropriately. Moreover, a divergent nozzle is used as the nozzle 46 in the example 
described above, but any tapered nozzle may be employed. In this case, the 
opening area of the gap between the outlet opening portion of the taper and the tip 
5 end portion of the needle serves as the opening area Y of the nozzle 46. 
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